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(57) ABSTRACT

A pass-through assembly including a first wall 1104 having
oppositely-directed mnner and outer sides, 112, 114, the first
wall 1104 defining a first opening 116 extending from the
inner side 112 to the outer side 114; an elongated structure
118 extending into the opening 116 from the outer side 114
of the first wall 110d; a first material 130 contacting the first
wall 1104 and the elongated structure 118 so as to at least
partially seal the opening 116, and a second material 140
different from the first material 130, the second material 140
overlying the first material 130 on the outer side 114 of the
wall 1104, the second material 140 adhering to the elongated
structure 118 and the first wall 1104, the second material 140
having at least one physical property different than a corre-

sponding physical property of the first material 130.
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1
PASS-THROUGH ASSEMBLY

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application 1s a national phase entry under 35
U.S.C. §371 of International Application No. PCT/US2014/
053186, filed Aug. 28, 2014, which claims the benefit of the
filing date of U.S. Provisional Patent Application No.
61/871,046 filed Aug. 28, 2013, the disclosures of which are
hereby incorporated herein by reference.

BACKGROUND OF THE INVENTION

With the advancement of surgical techniques and elec-
tronic components, there 1s a greater desire to implant such
clectronic components within the body of a human or other
ammal. However, when electronic components are to be
implanted, 1t 1s important to ensure secure and safe connec-
tions among such components. For example, an implantable
clectronic component may be mounted within a housing and
connected to a remote component by an elongated structure
such as wire or cable extending through a wall of the
housing. The arrangement of an elongated structure extend-
ing through the wall 1s commonly referred to as a “pass-
through.” The pass-through 1s intended to provide a fluid-
tight seal around the elongated structure and, 1n some cases,
should also hold the fluid-tight structure 1n place relative to
the wall of the housing. Moreover, a pass-through used 1n an
implantable housing ordinarily should be biocompatible.

BRIEF SUMMARY OF THE INVENTION

One aspect of the invention provides pass-through assem-
bly. An assembly according to this aspect of the invention
desirably includes a first wall having oppositely-directed
inner and outer sides. The first wall may define a first
opening extending from the inner side to the outer side. The
assembly desirably also includes an elongated structure
extending 1nto the opening from the outer side of the first
wall, and a first material contacting the first wall and the
clongated structure so as to at least partially seal the open-
ing. The assembly also may include a second material
different from the first material, the second material over-
lying the first material on the outer side of the wall, the
second material adhering to the elongated structure and the
first wall.

The second material may one or more have physical
properties different from those of the first material. For
example, the second material may have an elastic modulus,
tensile strength, toughness or adhesion greater than the
corresponding property of the first material. Merely by way
of example, the first material may be a relatively soit sealant
such as a silicon, for example, a biocompatible silicon or a
room temperature vulcanizing (“RTV™) silicone, whereas
the second material may be a material such as an epoxy
which forms a secure attachment between the elongated
structure and the wall. Moreover, the second material may
have greater biocompatibility than the first material.

A tfurther aspect of the invention provides methods of
sealing an opening defined 1n a first wall of a housing. A
method according to this aspect of the invention desirably
includes; advancing an elongated structure through the
opening; applying a first material to the first wall, the first
material surrounding the elongated structure; and applying a
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second material atop the first material, the second material
surrounding the elongated structure.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a housing assembly
according to one embodiment of the invention with certain
clements omitted for clanty of illustration;

FIGS. 2A-2C are plan views of the housing assembly of
FIG. 1;

FIG. 3A 1s a fragmentary cross-sectional view of the
housing of FIGS. 1-2C at a stage ol a manufacturing
process; and

FIG. 3B 1s a view similar to FIG. 3A depicting the housing
assembly of FIGS. 1-3A 1n a completed state.

DETAILED DESCRIPTION

FIG. 1 1s a perspective view ol an implantable housing
assembly 100 according to one aspect of the disclosure. The
housing assembly 100 may be any shape, and 1n one
example may have a generally rectangular shape from a plan
view, with or without rounded edges, as shown 1n the plan
view ol FIGS. 2A-C. The housing assembly 100 may have
a plurality of walls 110a-d that may define a partially or
completely enclosed area therebetween. Stated another way,
a first wall 1104, together with additional walls 110a-110c¢
cooperatively define a partially or completely enclosed
interior space. Any of the walls 110a-d may be integrally
formed with one another, or may be detachably secured to
one or more of the other walls 110a-d.

As shown 1n FIGS. 2C and 3 A, a wall 1104 of the housing
assembly 100 may have an mner side 112 and an outer side
114. Portions of the mnner side 112 may be substantially flat.
Wall 1104 may define at least one opening 116 extending
entirely through the wall from the inner side 112 to the outer
side 114. The opening 116 may be generally cylindrical, or
may be any other shape to accommodate an elongate struc-
ture 118 discussed further below.

The outer side 114 may define a recess 128 between ridges
129 of the housing assembly. Ridges 129 may be integral
with wall 1104 or may be defined by other walls of the
housing. A base portion 120 forms a floor of the recess
facing outwardly. The outer side may have at least one 1inner
ring 122 around the opening 116, and at least one outer ring
124 around the mmner ring 122. These rings project in
outwardly from the base (toward the top of the drawings 1n
FIG. 3A), such that an annular space 126 1s formed between
the inner ring and the outer ring. In the particular embodi-
ment depicted, rings 124 and 122 are tapered 1n the outward
direction, away from base 120. Thus, the inner ring 122
defines a conical lead entrance to the opening 116. The base
portion 120, rings 122, 124, and annular space 126 may be
disposed within the recess 128 between the ridges 129, such
that the rings 122 and 124 extend outwardly from the base
portion 120 but do not extend outside the recess 128 or past
the ridges 129.

The wall 1104 may be assembled to the other of the walls
110 to define a partially or completely enclosed area. In one
example, electronic components, schematically depicted at
111, may be stored therein. Such electronic components may
be, for example, components for the operation of an 1implant-
able medical device, such as an implantable ventricular
assist device, an implantable battery, or an implantable
transcutaneous energy transier system.

The elongated structure 118 extending though hole 116
may be a flexible wire or electrical cable that may be
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connected to electronic components 111 within the housing
assembly 100. Typically, the opposite end ol elongated
structure (not shown) 1s connected to other electronic com-
ponents (not shown) either implanted within the body or
positioned outside the body.

In an assembly process according to one aspect of the
invention, one or more elongate structures 118 are inserted
through the opemings 116. A first material 130 may be
applied to outer side 114. For example, as shown 1n FIG. 3C,
the first material 130 may be applied to an exterior portion
of the elongate structure 118, atop the mner ring 122, and at
least partially within the annular space 126. The first mate-
rial 130 may also be applied at least partially within the
opening 116 itself. In the embodiment shown 1n FIGS. 3A
and 3B, the first material does not extend beyond the outer
ring 124,

The first material 130 may at least partially seal the
opening 116 when the elongate structure 118 i1s disposed
therein. The first material optionally may form a physical
bond with the wall of the elongated structure 118, with the
portions of wall 1104 defining opening 116, or both. The first
material may be a silicone and has a first elastic modulus.

Although only one hole 1s depicted in FIGS. 3A and 3B,
clongated structures and first material desirably are provided
for the other holes 1n the same manner.

A second matenial 140 may be applied atop the first
material. The second material 140 may partially or com-
pletely cover the first material 130 within the recess 128. In
one example, the second material 140 may at least partially,
but not completely, fill the recess 128 as depicted in FIG. 3B.
For example, a single continuous mass or layer of second
material may cover the first material at all of the openings
116. In other examples, discrete portions of the second
material are proved at each opening 116. The second mate-
rial 140 may contact each of the elongated structures and
also may contact the wall 1104 as, for example, at the base
portion 120. The second material also may contact other
walls of the housing. The second material 140 may form a
bond with the outer surfaces of the elongated elements and
with at least one wall of the housing.

Typically, both the first material and the second material
are applied 1n a flowable condition, such as 1n a liquid, gel
or paste-like state. One or both of the materials may be cured
to a solid state after application. The curing process may
involve a chemical reaction. The conditions required for
curing will depend on the compositions of the materials. The
curing processes may be performed sequentially, so that the
first material 1s cured before the second material 1s applied,
or simultaneously. Application of the first and second mate-
rials desirably takes place after insertion of elongated ele-
ments 118 through the opemings 116, and may occur before
or after the elongated elements are connected to the elec-
tronic components 111.

The second material may be different from the first
maternal. For example, the second material may be an epoxy.
The second matenial may have a second elastic modulus. In
one example, the second elastic modulus may be different
from the first elastic modulus. For example, the second
clastic modulus may be greater than the first elastic modulus
such that the second material 1s stifier than the first material.
Alternatively or additionally, the second material may have
greater adhesion than the first matenial to the walls of the
housing, to the elongated structures, or both. Also, the
second material may have greater biocompatibility than the
first material.

This configuration provides a secure interface at the
opening 116. In particular, the first material may be selected
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to provide an eflective seal around the elongated compo-
nents, whereas the second material may be selected to
provide a secure physical attachment between the elongated
clements and the wall. Moreover, the second material may
have a greater degree of biocompatibility than the first
material. This allows the use of a first material which
provides an eflective seal but may not have the desired
degree of biocompatibility. The pass-through assembly lim-
its the localized, concentrated stress and/or strain that may
be placed on the elongate structure 118 while 1t 1s disposed
within the opening 116. Limiting of the stress and/or strain
may prevent damage to the elongate structure 118 while 1t 1s
implanted within the body of a mammal and may also
prevent the elongate structure 118 from becoming disen-
gaged with the opening 116 of the wall 1104d.

In some embodiments, these force limiting eflects of the
present invention may be further supported by attachment of
an at least one ring element 131 to the exterior surface of
clongated structure 118, as shown 1 FIGS. 3A-B. At least
one ring element 131 may be a ngid element with an outer
diameter greater than the outer diameter of opening 114 so
as to require one-way 1insertion of the flexible structure
therein. Alternatively, the at least one ring element 131 may
be deformable to permit insertion through opening 114 1n an
insertion direction, yet non-deformable, or at least rigid
enough, to provide a redundant means of resisting the stress
and/or strains when elongated structure 118 1s advanced 1n
a removal direction. Although depicted 1n FIGS. 3A-B as
flat, ring element 131 may assume alternate shapes, for
example, ring element 131 may have a curvilinear surface
arca with a triangular profile oriented for insertion into
opening 116.

In a further variant, a third material may be applied to wall
1104, and desirably to the entire housing assembly 110, after
application of the second material. In one example, the third
material 1s a biocompatible material 1n the form of a coating,
as schematically depicted at 137. In this example, the third
material covers the second material. The third material may
be selected primarily for 1ts biocompatibility, rather than for
physical properties.

In the embodiments discussed above, the elongated struc-
tures 118 are wires or cables. However, other elongated
structures such as tubes, rods or the like may be used. The
pass-through assemblies can form secure attachments and
seals even with flexible elongated elements which may pose
difficulties with ordinary sealing and attachment techniques.

Although the invention herein has been described with
reference to particular embodiments, it 1s to be understood
that these embodiments are merely 1llustrative of the prin-
ciples and applications of the present invention. It 1s there-
fore to be understood that numerous modifications may be
made to the illustrative embodiments and that other arrange-
ments may be devised without departing from the spirit and
scope of the present mvention as defined by the appended
claims.

The mnvention claimed 1s:

1. A pass-through assembly comprising:

a first wall having oppositely-directed inner and outer
sides, the first wall defining a first opening extending
from the 1nner side to the outer side;

at least one ring disposed around the opening;

an elongated structure extending into the opening from
the outer side of the first wall;

a first material contacting the at least one ring, the first
wall, and the elongated structure so as to at least
partially seal the opening, and



US 9,782,598 B2

S

a second material overlying the first material on the outer
side of the wall and adhering to the elongated structure
and the first wall, wherein the second material has at
least one physical property diflerent than a correspond-
ing physical property of the first material, at least the
second material being a biocompatible material.

2. The pass-through assembly of claim 1, wherein the

clongated structure 1s flexible.

3. The pass-through assembly of claim 2, wherein the first
wall has one or more additional openings extending from the
iner side to the outer side, the assembly further comprising
one or more additional elongated tlexible structures extend-
ing into the additional openings from the outer side of the
first wall.

4. The pass-through assembly of claim 1, wherein the
second material covers the first material so that no portion of
the first material 1s exposed at the outer side of the first wall.

5. The pass-through assembly of claim 1, wherein the
outer side of the first wall has a base portion and an 1nner
ring projecting outwardly from the base portion around the
opening and an outer ring projecting outwardly from the
base portion around the 1nner ring so that the inner and outer
rings define an annular space therebetween.

6. A housing assembly comprising a pass-through assem-
bly as claimed 1n claim 1 and one or more additional walls,
the additional walls and the first wall cooperatively defiming,
an interior space, the iner side of the first wall facing
inwardly toward the interior space.

7. The housing assembly of claim 6, further comprising a
component mounted within the interior space, the elongated
structure extending through the first opening into the interior
space to the component.

8. A pass-through assembly comprising:

a first wall having oppositely-directed inner and outer

sides, the first wall defining a first opening extending
from the inner side to the outer side, the outer side
having a base portion and an nner ring projecting
outwardly from the base portion around the opening
and an outer ring projecting outwardly from the base
portion around the mner ring so that the inner and outer
rings define an annular space therebetween;

an elongated structure extending into the opening from
the outer side of the first wall;

a first material contacting the first wall and the elongated
structure so as to at least partially seal the opening,
wherein the first maternial 1s disposed at least partially
within the annular space; and

a second material overlying the first material on the outer
side of the wall and adhering to the elongated structure
and the first wall, the second material having at least
one physical property different than a corresponding
physical property of the first matenal.

9. The pass-through assembly of claim 8, wherein the first
wall defines a recess 1n the outer side, and wherein the base
portion of the first wall forms a floor of the recess.

10. The pass-through assembly of claim 9, wherein the
inner and outer rings extend upwardly from the floor of the
recess and are disposed completely within the recess.

11. The pass-through assembly of claim 9, wherein the
second material 1s disposed at least partially within the
recess.
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12. The pass-through assembly of claim 8, wherein the
pass-through 1s implantable within a body of an animal.

13. The pass-through assembly of claim 12, further com-
prising:

a third material disposed at least atop the second matenial,

the third material being biocompatible.

14. The pass-through assembly of claim 13, wherein the
third material 1s disposed atop a surface of the housing.

15. The pass-through assembly of claim 8, wherein the
first material 1s a silicone.

16. The pass-through assembly of claim 8, wherein the
second material 1s an epoxy.

17. The pass-through assembly of claim 16, wherein the
second material 1s biocompatible.

18. The pass-through assembly of claim 8, wherein the
clongated structure has at least one ring element with an
outer diameter greater than the outer diameter of the opening
in the first wall.

19. The pass-through assembly of claim 18, wherein the
at least one ring element 1s deformable to permit 1nsertion
into the opening 1n an nsertion direction.

20. The housing assembly of claim 8, wherein the elon-
gated structure 1s an electrical cable.

21. The housing assembly of claim 20, wherein the
component 1s at least one of: an implantable battery, an
implantable heart pump, and an implantable transcutaneous
energy transier system.

22. A method of sealing an opening defined in a first wall
ol a housing, the method comprising:

(a) advancing an elongated structure through the opening

and at least one ring disposed around the opening;

(b) applying a first material to the first wall, the first

material contacting the at least one ring, surrounding
the elongated structure and having a first elastic modu-
lus; and

(¢) applying a second material atop the first material, the

second material surrounding the elongated structure
and having a second elastic modulus.

23. The method of claim 22, further comprising attaching
the first wall to one or more other walls of the housing.

24. The method of claim 23, further comprising;

alter step (a), connecting a first end of the elongated

structure to a component disposed within the housing.

25. The method of claim 22, wheremn step (b) further
COmprises:

applying the first material at least partially within an

annular space defined by a base portion of the first wall
and a plurality of rings projecting outwardly from the
base portion around the opening.

26. The method of claim 25, wherein the plurality of rings
are at least partially disposed within a recess defined by the
first wall.

27. The method of claim 26, wherein step (c) further
COmMprises:

applying the second material at least partially within the

recess.

28. The method of claim 22, further comprising;

(d) applying a third material atop the second material and

a surface of the housing, the third material being
biocompatible.
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